The problem of internal wave diffraction by a strip of an elastic plate of finite width present on the surface of an exponentially stratified liquid is investigated in this paper. Assuming linear theory, the problem is formulated in terms of a function related to the stream function describing the motion in the liquid. The related boundary value problem involves a hyperbolic type partial differential equation (PDE), known as the Klein Gordon equation. The method of Wiener-Hopf is utilized in the mathematical analysis to a slightly generalized boundary value problem (BVP) by introducing a small parameter, and the problem is solved approximately for large width of the plate. In the final results, this small parameter is made to tend to zero. The diffracted field is obtained in terms of integrals, which are then evaluated asymptotically in different regions for a large distance from the edges of the plate and the results are interpreted physically.
Introduction
If a part of the surface of a deep liquid is covered by an inertial surface composed of a thin but uniform distribution of non-interacting floating particles (e.g., broken ice, floating mat) while the remaining part is free, the surface boundary condition becomes discontinuous in the sense that there are one condition on the free surface and another condition on the inertial surface. In the mathematical modeling of wave phenomena, the line separating the free surface and the inertial surface becomes a line of discontinuity. The scattering of surface waves traveling from the free surface region and normally or obliquely incident on the line separating the free surface and the inertial surface on a homogenous fluid are investigated in the literature by many researchers. Kanoria et al. (1999) investigated two mixed boundary value problems involving surface water wave in deep water (or interface wave in two superposed homogeneous liquids) arising due to one or two discontinuities in the surface (or interface) boundary conditions. In this problem, the governing partial differential equation is the Laplace equation which was generalized to Helmholtz's equation together with slightly different boundary conditions by introducing a complex parameter to facilitate the use of the Wiener-Hopf technique in the mathematical analysis. Ultimately, this parameter was made to tend to zero to obtain the solution of the original problems. Instead of a homogeneous liquid, there may be a stratified liquid in which the density varies exponentially along the vertical direction. Assuming linear theory and under Boussinesq approximation with constant Brunt -Vaisala frequency, the problem can be formulated as a boundary value problem involving the Klein-Gordon equation with discontinuous surface boundary condition. Gabov and Svesnikov (1982) investigated diffraction of two-dimensional steady-state internal waves described by the Klein-Gordon equation in an exponentially stratified incompressible liquid by the boundary of a solid half plane lying on the free surface modeled as an ice field on the surface of an infinitely deep ocean. In the mathematical analysis, they employed the Wiener-Hopf technique. Afterwards, several researchers investigated a number of diffraction problems by using the same technique. For example, Varlamov (1983; 1985) investigated internal wave diffraction by a semi-infinite horizontal wall present inside the liquid and by a semi-infinite elastic half plate present on the surface of the liquid. Gayen et al. (2006; considered the problems of water wave diffraction by a surface strip and water wave scattering by two sharp discontinuities in the surface boundary conditions. Dolai and Mandal (2007) considered the problem of internal wave scattering by the edge of a semi-infinite inertial surface partly covering an exponentially stratified incompressible liquid of infinite depth. The concerned boundary value problem was solved by the use of Wiener-Hopf technique and obtained an asymptotic form of scattered field for a large distance from the edge.
In the present paper, the problem of internal wave diffraction by a strip of an elastic plate present on the upper surface of an exponentially stratified liquid of infinite depth is investigated. To solve the problem, the Wiener-Hopf technique is employed after introducing a complex parameter, as well as by slightly generalizing the surface boundary conditions, the edge conditions and the infinity requirements and taking the strip width to be large. The diffracted field is obtained in terms of integrals which are evaluated asymptotically for large distances from the edges of the plate by the method of steepest descent and interpreted physically.
For completeness, derivation of the Klien-Gordon equation is shown here by considering twodimensional motion in a stratified liquid occupying the region y 0  when at rest, wherein the y-axis is chosen vertically upwards so that the upper surface of the liquid at the rest position coincides with the plane . y 0  In the unperturbed state the density of the liquid is assumed to be of the form ( )exp(
where ( ) 0 0  is the density at the top of the liquid, ( ) 0 y  being the unperturbed density at depth y. Then the linearised equations of motion are given by ( ) 
The group velocity ,
(1.9)
Thus the directions of the group velocity g V and the wave vectors and when the ocean is covered by a thin elastic plate of surface density , Varlamov (1983) ). Thus x y  is the diffracted field, which satisfies the boundary value problem described by the Klein-Gordon equation 6) and the boundary conditions
where  denotes the rigidity of the elastic plate and
For the edge conditions, the derivative of  upto the third order should be bounded at the edges and the higher derivatives at these points should have a singularity.
To apply the Wiener-Hopf technique for finding the solution for  , we assume that the constant a occurring in the PDE (2.6) has a small positive imaginary part  so that the constant k has a positive imaginary part
Also  satisfies the edge conditions 
In the next section, the three-part Wiener-Hopf technique is applied to solve the generalized BVP satisfying the Klein-Gordon Eq.(2.6) involving the complex parameter a, the surface boundary conditions (2.7) and (2.8), and the edge conditions (2.9) and the infinity requirements (2.10).
Solution of the problem
By using the condition (2.10) it is observed that ( , ) y    is regular in the upper half plane ( )     and ( , ) y    is regular in the lower half plane ( )     of the complex  -plane. Again by using the edge condition (2.9) along with the Abelian theorem (cf. Noble (1958) ) we ensure that
To use the Wiener -Hopf procedure, the boundary conditions (2.7) and (2.8) are written in the forms
are unknown functions having the behaviour at the points x 0  and x l  , as given by ( ) ( ) as and ,
Now, the application of the Fourier transform technique to the PDE (2.6) produces the ordinary differential equation 
where ( ) D  is an arbitrary function of  , and is determined from the relations obtained by using the Fourier-transform on conditions (3.3) and (3.4) as given by
In Eqs (3.8) and (3.9) the three unknown functions
The use of the edge conditions (3.5) ensures that
Using Eq.(3.7) in Eqs (3.8) and (3.9) and eliminating ( ), D  we obtain the following three-part
Wiener-Hopf functional relation, for the determination of the three unknown functions ( ), (3.12) valid in the strip ,
To solve the Wiener -Hopf problem described by Eq.(3.12), it is necessary to factorize the function ( ) 
The denominator of ( ) K  may be written as (cf. Varlamov (1985) ) ( 
( ) K  is now factorized for the following two cases. In this case, we write ( ) 
The expressions for ( ) N
) For brevity, we introduce the notations
where the subscript star is used to indicate that * ( ) 
where now h    in both the Eqs (3.24) and (3.25). We define
where in this case the star denotes that the expressions are analytic in     except for simple pole at k   . Then addition and subtraction of Eqs (3.24) and (3.25) produce
Equations (3.27) and (3.28) are of the same type and can be treated for approximate solution for large l . We write them in a compact form, as given by
where * ( , ) 
 . Now writing, in the integrand of the integral in the left hand side of Eq.(3.29)
it is clear that the integrand consists of two types of terms, the first type involves simple poles while the other type involves branch points at a     in the complex  -plane. In the presence of simple poles the integrals are evaluated by using the residue theorem after completing the contour by a semi-circle of a large radius in the upper half plane, and to evaluate the integrals involving the branch points, only one branch point, viz. a    needs to be considered and as such a branch cut is taken parallel to the positive imaginary axis from a    to infinity. Then the contour is deformed into the two sides of the branch cut and contributions from the poles, if any, are taken into account. The contributions from the two sides of the branch cut involve integrals of the form 
Incorporating the aforesaid method we find that for large l ,
Using results (3.34), (3.35) and (3.36) for large l in Eqs (3.29), we obtain an approximate relation between the function ( , ) 
   and     in this we get two equations involving these two unknowns, which, when solved, produce 
,
, 
Proceeding as before, ( ) D  in this case is obtained as 
In this case, we can write 
Asymptotic analysis of the solutions
For an asymptotic analysis of the integrals in Eq.(3.48), we introduce the polar co-ordinates ( , ) r 
